Severely handicapped children (SHC) are both mentally retarded and physically handicapped. Fracture is known to occur more easily in SHC, and its incidence in this group is reported to be about 1% (Kametani 1974) . Thus, fracture is a serious problem in the daily life and care of SHC. Fracture in SHC is thouht to be due to bone atrophy resulting from immobilization over a prolonged period, lack of sunshine, the influence of anticonvulsant drugs (ACD), and insufficient dietary intake resulting from dysphagia. In the present study, the serum contents of zinc and vitamin C and the quantity of bone mineral were determined in SHC. The relationship of fragile bone in SHC to the nutritional profile is discussed.
SUBJECTS
Sixty-five SHC, 37 males and 28 females, aged 20.0+9.1 years (mean ±S.D.) were the subjects of the study. Most of them received at least one of the following drugs : phenytoin (PTH), phenobarbital (PB), carbamazepine (CBZ), valproic acid (VPA), nitrazepam (NZP), clonazepam (CZP) or other ACD.
The SHC were classified into three groups according to their degree of mobility : group 1, bed-ridden ; group 2, capable of crawling ; group 3, able to walk with some support ; and group 4 (including three patients from group 1, three from group 2 and one from group 3), having a past history of fracture.
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METHODS
Bone density. The patients' hands were x-rayed using an aluminium step-wedge. Optical density was measured at the middle of metacarpal II with a microdensitometer [model 2111, Abe Sekkei Inc., Tokyo] : microdensitometory (MD) method].
GS /D was measured to show the degree of bone mineral content. The GS /D was represented as a score (normal value, 1.0) in which the GS /D value in a patient was divided by the GS/ D value for the sex-and age-matched normal controls (Kurose et al. 1981; Kitagawa et al. 1982) .
Serum zinc. Serum zinc was measured with an inductively coupled plasma (ICP) emission spectrometry [model 306 super scan, Hitachi Ltd., Tokyo] with Be as the internal standard (Sasaki et al. 1986) .
Serum vitamin C. Blood samples were taken in the morning before breakfast and serum was immediately separated. After the addition of 6% metaphosphoric acid, serum was kept frozen at -80°C until analysis. Serum vitamin C was measured by the dichlorophenol-indophenol (DCIP) method.
Zinc in diet and oral intake. The diets of 6 SHC randomly selected from the study group were investigated. Over different 3-day periods, the zinc content in these patients' diets was measured by an ICP emission spectrometry after samples had been reduced to ash. The values for each 3-day period were averaged. Oral intake of zinc was calculated by analyzing leftovers during each 3-day period, and these values were also averaged.
RESULTS
GS/D score (Bone mineral content). Bone mineral content was markedly decreased in all groups, but tended to be the lowest in group 4. It was especially low in group 1 patients who were receiving ACD medication (p <0.05) and tended to decrease according to the degree of mobility (p <0.01) (Tables 1 and 2 ). The GS/D score in one patient in group 4 who was receiving ACD could not be determined by the MD method because of markedly deformed hands.
Serum zinc. Serum zinc levels, which were low in all patients, were not significantly correlated with ACD medication (Tables 1 and 2) . Serum vitamin C. Serum vitamin C levels were also extremely low in all patients. ACD medication was again not a significant factor. Serum vitamin C tended to be very low in group 4 (Tables 1 and 2 ). Zinc in diet and oral intake. Zinc in the diet prescribed for the 6 SHC was lower than the recommended dietary intake. Actual oral intake of zinc was estimated to be about 25% of that prescribed each day (Table 3) . DISCUSSION GS/D scores (bone mineral content) in SHC were reduced to two-thirds that of the normal control group. The GS/D score was lower in patients with a past history of fracture than in other groups. Thus, a marked decrease in bone mineral level is considered one of the reasons for the high incidence of fracture in this population. Disuse atrophy of bone due to immobilization, the influence of prolonged ACD use, insufficient sunshine and nutritional problems caused by low dietary zinc intake are all thought to be involved in the decrease in bone mineral level.
Zinc is a trace element found in skeletal muscle (about 60% of the total zinc pool in the body) and bone (about 30%) (Underwood 1971) . It is related to growth and plays a role in bone metabolism and the repair of fractures (Oohama 1980) . Zinc has been reported to augment the effect of vitamin D on bone metabolism (Yamaguchi and Sakashita 1986) . Because it leads to an increase in alkaline phosphatase activity of the femoral diaphysis in rats, zinc is assumed to be associated with the process of calcification in bone . The recommended daily allowance of zinc for Japanese is 14-15 mg (Horiguchi et al. 1978) . The average oral intake of zinc in 10 healthy adults in Kobe, Japan, was 8.9± 2.5 mg/day ( mean + s.D.) (Kotake et al. 1981) . The oral intake of zinc in SHC in our study was 1.17+0.31 mg/day, and the zinc content in their diet was 4.82+0.37 mg/day. Since SHC suffer severely from physical and neurological impairment, their appetite is greatly reduced due to dysfunction of the extremities and impaired chewing and swallowing. Therefore, SHC eat only one-third or one-quarter of the food provided. Outpatients with epilepsy who are administered ACD tend to have a high level of copper and low level of zinc in serum and a reduced bone mineral content (Barbeau and Donaldson 1974) . It is assumed that bone metabolism in SHC is altered by ACD and the low serum zinc level.
Lysine and proline in protocollagen are hydroxylated to hydroxylysine and hydroxyproline by hydroxylase and vitamin C, which acts as an important co-enzyme in these hydroxylations.
Thus, vitamin C deficiency impedes collagen synthesis because of disturbed of lysine and proline hydroxylation.
Pro-a chains, which upset proline hydroxylation, cannot form stable helixes, and those which are not secreted extracellularly are degraded by intracellular proteinase. It is presumed that fragile collagen is produced by the insufficient hydroxylation of lysine and proline. Bone lesions resulting from scurvy caused by vitamin C deficiency are characterized by fragile collagen that contains insufficiently hydro- Plasma vitamin C levels of 0.7-0.4 mg/ 100 ml are defined as marginal vitamin C deficiency, while those of 0.4-0.2 mg/100 ml are considered biochemical deficiency (Nobile and Woodhill 1981) . To maintain health, plasma vitamin C levels should be kept within the range of 0.7-0.9 mg/100 ml. The serum vitamin C levels of all SHC in this study were markedly decreased indicating biochemical deficiency. The SHC showed no signs or symptoms of scurvy. The daily vitamin C requirement for Japanese is said to be 40 mg at the age of 0 to 10 years and 50 mg over 11 years. As the vitamin C content of the diet administered in this hospital is caluculated with reference to the standard tables of food composition in Japan (4th revised version), the amount of vitamin C in the diet was 58 mg/day for SHC and 126 mg/day for normal controls. If the SHC group had eaten their meals completely, they would have received the recommended amount of vitamin C. However, the oral intake of vitamin C was not adequate because SHC consumed only a quarter to a third of the food given them. Therefore, it is likely that the bones of SHC in the present study had become fragile through vitamin C deficiency, facilitating fracturing.
The high incidence of fracture in SHC is thought to be caused by several factors : disuse atrophy of bone caused by immobilization, rickets caused by insufficient sunshine, and inadequate intake of calcium and vitamin D. In addition, the depletion of 25 OH vitamin D3 by ACD and the secondary decrease in calcium absorption from the small intestine may influence bone metabolism (Kruse 1982) .
Our findings showed that decreases in serum zinc and vitamin C might be related to the high incidence of fracture in SHC in addition the above-mentioned factors. Moreover, this evidence strongly suggests that dietary supplements of zinc and vitamin C are essential to prevent fracture in SHC. 
